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and Blacks the lowest. Several studies have suggested that Parkinson disease is more common in men, with a male:female ratio between 1.1 and 2.3 [9] .
Although the cause of Parkinson disease is unknown, in most cases environmental factors are suspected. Nevertheless, there is little direct evidence implicating the environment in Parkinson disease. Geographic clustering of Parkinson disease may provide more direct evidence of the environmental role in its pathogenesis. The few studies that have attempted to investigate geographic variation in Parkinson disease have focused on rural living as a risk factor. Many of these case-control studies suggest an increased risk of Parkinson disease in those residing in rural areas [10, 11] , whereas others report an increased prevalence in industrial areas [12] , or no significant difference [4] . However, nonstandard definitions of rurality and small sample size limit these studies.
A Geographic Information System (GIS) combines an event's tenancy in time or space with spatial analysis to examine spatial and temporal relationships. GIS has been used in numerous studies to monitor infectious outbreaks [13] , elucidate crime patterns [14] , identify health care disparities [15] , and investigate environmental exposure-disease relationships [16] [17] [18] . GIS permits the spatial linkage of demographic, environmental, and clinical databases to create a high-resolution display and facilitate quantitative analysis of the spatial distribution and behavior of a disease. In this study, we report the ethnic, temporal, and geographic trends in Parkinson disease prevalence and incidence using the largest US health care database, Medicare.
Research Design and Methods
This study was approved by the Human Studies Committee at Washington University School of Medicine and by the Centers for Medicare and Medicaid Services.
Study Population
Parkinson disease cases were identified from Medicare research-identifiable files (US Department of Health and Human Services, Centers for Medicare and Medicaid Services, www.cms. hhs.gov/home/rsds.asp/), which contain individual-level data on Medicare benefit recipients including ICD-9 codes, date of birth, race, sex, and zip code of residence. The study population consisted of Medicare beneficiaries living in the United States at any time in the year 1995 or between 2000 and 2005. We identified Parkinson disease cases using ICD-9 codes 332 (Parkinson disease) or 332.0 (paralysis agitans). Beneficiaries who also had diagnoses of secondary parkinsonism (332.1) or other degenerative diseases of the basal ganglia (333.0) were excluded from analysis. Our population data were provided by Medicare denominator Crude Parkinson disease incidence and prevalence were compared by age strata. To compare Parkinson disease incidence and prevalence by race or sex, we first performed age standardization using the direct standardization method with all Medicare beneficiaries as the standard population.
All prevalence and incidence values are reported per 100,000 Medicare beneficiaries. Prevalence and incidence ratios were calculated with Whites as the reference group. Standard deviations are reported for prevalence and incidence, and 95% confidence intervals are reported for prevalence and incidence ratios. Study population characteristics are reported in table 1 .
Rural versus Urban Analysis
The United States Department of Agriculture's rural-urban continuum classification system (United States Department of Agriculture Economic Research Service, 2008) defines rurality by absolute population and classifies each county in the US by degree of rurality in a rank order fashion using a nine-tier scale from a population of less than 2,500 to a population of greater than 1 million. This system separately classifies less populated areas which are adjacent to large urban areas, such as suburbs.
To determine the relationship between rurality and Parkinson disease, we applied the rural-urban continuum classification system to county level age and race standardization for Parkinson disease prevalence and incidence from the year 2002. We compared the mean prevalence and incidence across these categories of rurality using a Kruskal-Wallis test. The prevalence and incidence for the most rural counties (= population less than 2,500) were also compared to those of the most urban counties (= population greater than 1 million) with a two-tailed t test.
Spatial Analysis of Parkinson Disease: Bayesian Modeling and Mapping of Parkinson Disease Incidence and Prevalence
To produce smoothed disease maps, we applied a conditionally autoregressive model to predict county level incidence and prevalence rates of Parkinson disease. This model is derived from a traditional multilevel design, but takes into account spatial adjacency relationships between counties by assuming that neighboring areas had similar spatial variation.
To capture the random effects between counties, we computed the median relative risk [19] and interquartile relative risk [20] . The median relative risk is always greater than or equal to 1 and higher values suggest greater spatial variance. The interquartile relative risk reflects a difference of relative risks between the highest (87.5%) and lowest (12.5%) quartiles of incidence or prevalence. We also performed a high/low Getis-Ord General G cluster analysis to determine the probability of nonrandom grouping of either high or low county prevalence or incidence.
Spatial Analysis of Smoking Behavior
Since studies have consistently demonstrated a protective effect of smoking on incident Parkinson disease, we examined the geographic distribution of smoking behavior and Parkinson disease using data from the National Center for Health Care Statistics (Department of Health and Human Services, National Center for Health Statistics, 2008). 'Ever smoker' (= current smoker plus former smoker) rates for those survey respondents aged 65 and above were calculated for each state from the years 2000 to 2006 and compared to mean state Parkinson disease prevalence from 2000 to 2005 using a Spearman correlation analysis.
Statistical Analysis
Statistical analyses were performed using SPSS v.16 and SPSS v.15 with statistical significance at p ! 0.05. Spatial data management and preparation were performed in SAS 9.1. Bayesian model fitting was conducted in WinBUGS v.1.4.3., ArcGIS v.9.1 was used for mapping. 
Results
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74) ( table 3 ). The mean age-standardized prevalence of Parkinson disease in Blacks and
Asians was approximately 50% lower than the prevalence in Whites, with crude prevalence ratios of 0.58 (95% CI = 0.575-0.581) and 0.62 (95% CI = 0.617-0.631), respectively, as compared to Whites. Parkinson disease incidence also varied by race, but not as markedly in Blacks, who had a crude incidence ratio of 0.74 (95% CI = 0.732-0.748) ( table 3 ). The incidence ratio for Asians was similar to the prevalence ratio (0.69; 95% CI = 0.657-0.723). The age-standardized prevalence and incidence were greater in men than in women for all races, with a mean prevalence sex ratio of 155 males per 100 females and a mean incidence sex ratio of 146 males per 100 females.
Geographic Distribution of Parkinson Disease in the US
The incidence and prevalence of Parkinson disease varied significantly across the United States. Disease rates were highest in the Midwest and Northeast regions, where the incidence and prevalence of Parkinson disease were 2-10 times greater than the rates of many Western and Southern US counties. The median relative risk and interquartile relative risk indicated that the spatial variations of the incidence and prevalence were considerable ( table 4 ; fig. 1, 2 ) .
Cluster analysis of the 2003 data supported a nonrandom grouping of county level prevalence and incidence in these areas (prevalence: z test statistic = 13.93, p ! 0.0001; incidence: z test statistic = 12.65, p ! 0.0001). We found no significant correlation between the state level ever smoker rates and Parkinson disease prevalence (Spearman's rho = -0.213, p = 0.138), suggesting that the nonrandom geographic clustering of Parkinson disease was not due to differential regional smoking patterns among the elderly in the US.
Parkinson Disease and Rurality
To test the hypothesis that Parkinson disease is associated with rural living, we used the United States Department of Agriculture's rural-urban continuum classification system to classify residence for Medicare beneficiaries from the year 2003 and determined the mean prevalence and incidence per rural category. There was a significant difference in age-and race-standardized Parkinson disease prevalence and incidence between the rural classification categories (Kruskal-Wallis test, prevalence: p ! 0.001, incidence: p ! 0.001) ( table 4 ). Post hoc analysis revealed that Parkinson disease prevalence for the most urban counties (population greater than 1 million: 1,706.27; 95% CI = 1,671.14-1,741.26) was significantly greater than that for the most rural counties (population ! 2,500: 1,371.60; 95% CI = 1,303.23-1,439.97) (two-tailed t test; p ! 0.01). Similarly, Parkinson disease incidence for the most urban counties (476.81; 95% CI = 462.07-491.55) was significantly greater than that for the most rural counties (413.24; 95% CI = 379.10-477.48) (two-tailed t test; p ! 0.01). 
Discussion
This study provides large-scale data on Parkinson disease incidence and prevalence using the most inclusive, population-based US health care database. An important strength of this study is the substantial sample size of the Medicare data set, providing an opportunity to quantify the impact of ethnic and geographic risk factors on Parkinson disease prevalence and incidence. In previous US descriptive epidemiological Parkinson disease studies, Parkinson disease cases did not exceed 400 [21] . In comparison, this study utilized Medicare data sets with over 450,000 Parkinson disease cases per year, with data spanning 10 years. We believe that this sample size permits more precise measurements of Parkinson disease prevalence and annual incidence allowing the detection of differences between ethnic groups, age strata, and geographic regions. Moreover, our study is subject to less referral or selection bias than those which have drawn cases from inpatient hospitalization records, neurology clinics, movement disorder clinics, or death certificates. Our study provides more definitive evidence of the impact of age, ethnicity, and geography on disease prevalence and incidence. In the future, the use of this data set may permit the detection of Parkinson disease environmental risk associations with much greater precision and sensitivity. There are several important findings in our study. Parkinson disease prevalence and annual incidence appear to continue to increase into very old age without any plateau as reported previously in some studies [22] [23] [24] , but in contrast to others [25] [26] [27] . This has important public health implications for the allocation of health care resources. The aging of the 'baby boom' population will further strain Medicare budgets, especially as new and costly Parkinson disease treatments are used in older patients with advanced Parkinson disease. Our findings highlight the urgent need for neuroprotective and neuropreventive interventions.
Another important finding of our study is that Whites have a substantially higher prevalence and incidence of Parkinson disease than Blacks or Asians. This argues for differences in Parkinson disease genetic susceptibility. Interestingly, the incidence ratio between Blacks and Whites is greater than the prevalence ratio, suggesting differential survival of Blacks with Parkinson disease. In addition to the known relative increased mortality from diseases such as diabetes, heart disease, and stroke (Department of Health and Human Services, National Center for Health Care Statistics, www.cdc.gov/nhs/), Blacks may have greater Parkinson disease-related morbidity than Whites. Differences in smoking rates by ethnicity Rural living has often been cited as a risk factor for Parkinson disease, largely based upon case-control studies, but studies have shown an inconsistent association with rural or urban living. We used a standardized definition for rurality based on population and proximity to a population center, and made the a priori assumption that a true relationship would be manifest by increasing prevalence and incidence with increasing rurality. We failed to find a convincing relationship between either prevalent or incident Parkinson disease and rural living across this spectrum. Conversely, the most urban counties had a significantly higher prevalence and incidence of Parkinson disease than the most rural counties. We believe that rurality may not be as useful a research variable in Parkinson disease epidemiology studies as previously suggested, as the many available definitions of rurality are largely based on economic and political variables and involve few if any quantifiable or specific risk factors that have been shown to be important in Parkinson disease pathogenesis.
Previously, the most convincing data implicating environmental factors in Parkinson disease were derived from a population-based twin study which found similar concordance for monozygotic and dizygotic twins in older-onset Parkinson disease [28] . Our study indicates that there is a 'Parkinson disease belt' with high prevalence and incidence of Parkinson disease involving the Midwest and Northeast regions. This nonrandom disease distribution argues strongly for an environmental influence on the pathogenesis of Parkinson disease. Commonly cited Parkinson disease environmental risk factors, such as pesticides and herbicides, are used in these regions (Environmental Protection Agency, 2009; United States Geological Survey Pesticide National Synthesis Project, 2009) [9] . However, given the prominent role of the upper Midwest and Northeast regions in industrialization, our data may also argue for a role of byproducts of industrialization as risk factors in the pathophysiology of Parkinson disease, and supports the hypothesis that a complex interaction of different types of toxin exposures may be associated with higher disease rates. We believe that this concentration of Parkinson disease is not due to regional differences in tobacco use since Parkinson disease rates did not correlate with elderly smoking rates.
There are several caveats to consider with this study. Examining all Medicare claims for Parkinson disease rather than selecting cases that have been referred to specialists may result in an increased number of false positives, due to the miscoding of Parkinson plus syndromes, or secondary parkinsonism as Parkinson disease, but this number is likely small given the relatively low prevalence of these conditions [29, 30] . It is also possible that nonrelated, ethnically similar individuals with a genetic susceptibility to Parkinson disease reside in the areas of the country where Parkinson disease rates are the highest for cultural reasons, resulting in case clustering. Decreased access to care and lower quality of care could increase the disease rates determined for Blacks and Asians by increasing the false-negative rate in those groups. However, Hispanics, who suffer from similar health care access disparities, had disease rates nearly equal to Whites (United States Geological Survey Pesticide National Synthesis Project, 2009; Agency for Healthcare Research and Quality, www.ahrq.gov/). Nonetheless, Blacks and Asians may have a difference in diagnosis rates that is, in part, explained by socioeconomic factors or cultural standards. The roles of disproportionate access to advanced care and increased mortality from Parkinson disease for Blacks in prevalent/incident Parkinson disease are unclear but we believe that this is also an issue for rural, White Medicare beneficiaries. Although this study utilized data from 98% of Americans over the age of 65, the demographic and geographic distribution of the unsampled 2% is unknown. However, one would only expect the missing 2% of the population to contain 1,000 Parkinson disease cases, which would not likely alter our findings. Finally, Parkinson disease cases less than 65 years of age are not included in this study. While this may result in lower incidence and prevalence data, the benefit of this selection is that the impact of young-onset Parkinson disease on our incidence and prevalence trend data is minimized, which is important as most inherited forms of Parkinson disease have younger age at onset.
Despite these caveats, our study provides valuable data from which numerous hypotheses can be tested regarding the pathogenesis of Parkinson disease. Future analyses will investigate the potential causes of the geographic variation in Parkinson disease rates including community level exposures to specific environmental toxins such as herbicides, pesticides, and heavy metals. Further studies of racial differences in Parkinson disease rates will investigate the role of differential comorbidities in survival.
